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An asymmetric break-down of the integer quantized Hall effect is investigated. This rectifica-
tion effect is observed as a function of the current value and its direction in conjunction with an
asymmetric lateral confinement potential defining the Hall-bar. Our electrostatic definition of the
Hall-bar via Schottky-gates allows a systematic control of the steepness of the confinement po-
tential at the edges of the Hall-bar. A softer edge (flatter confinement potential) results in more
stable Hall-plateaus, i. e. a break-down at a larger current density. For one soft and one hard edge
the break-down current depends on the current direction, resembling rectification. This non-linear
magneto-transport effect confirms the predictions of an emerging screening theory of the IQHE.
PACS numbers: 73.20.-r, 73.50.Jt, 71.70.Di
The discovery of the integer quantized Hall effect
(IQHE) [1] in a two-dimensional electron system (2DES)
subject to a perpendicular magnetic field B opened a
wide research field in solid state physics, which became
a paradigm since then [2]. In spite of many experimental
[3, 4, 5, 6] and theoretical [7, 8, 9] efforts our understand-
ing of the IQHE is still far from being complete. The
conventional theories [7, 9, 10] can successfully describe
the main features of the IQHE, namely the existence
of extended Hall-plateaus and their extremely accurate
quantized resistance values. Relying on a single-particle
picture they fail to give a comprehensive description of
many experimental observations on a more detailed level.
These original edge or bulk theories disregard the classi-
cal Hartree-type (direct) Coulomb-interaction within the
2DES altogether [7, 8, 9]. The bulk theories assume the
current to flow through the entire Hall-bar [10]. Based
on material properties such as disorder they predict local-
ized states. The edge-theories describe the Hall-plateaus
by assuming current flow only along the edges of the Hall-
bar [9]. An explanation of the transition region between
plateaus requires the additional assumption of localized
bulk states (as predicted within the bulk theories). A
newer approach disregards disorder but includes the di-
rect Coulomb-interaction between electrons moving in
the confinement potential in a non self-consistent manner
[11]. Building on this model a screening theory emerged.
It is based on self-consistent calculations [12] and in ad-
dition considers disorder as well as the quantum mechan-
ical wave functions of the electrons [13, 14, 15]. For the
Fermi-energy approximately centered in between two ad-
jacent Landau-levels the screening theory predicts, that
the current is carried by incompressible regions (strips)
extending along the Hall-bar, hence replacing the edge-
channels. Since back-scattering is absent within an in-
compressible region this explains the observation of the
Hall-plateaus. Moreover, this self-consistent approach
allows predictions going beyond the scope of the con-
ventional theories, for example by taking into account
the exact shape of the confinement potential or explic-
itly considering the non-linear transport regime. Effects
based on the electron spin such as exchange interaction
are not taken into account here, but can be included [16].
In this letter we discuss non-linear magneto-transport
measurements in the framework of the screening theory.
We experimentally investigate the current induced break-
down of the IQHE in gate-defined Hall-bars with laterally
asymmetric confinement potentials. In detail, we demon-
strate a situation, in which dissipation-less current only
exists in one of the two possible current directions. In
agreement with the screening theory this rectification of
the IQHE occurs in a wide range of parameters such as
the mobility, charge carrier density and Hall-bar width,
as long as disorder effects do not dominate the formation
of incompressible strips [15].
Our Hall-bars are electrostatically defined by means
of metallic Schottky-gates produced by electron-beam
lithography on the surfaces of high mobility Al-
GaAs / GaAs-heterostructures containing 2DESs 110 nm
beneath the surface. This field-effect method allows to
define Hall-bars with extremely smooth and selectively
tunable confinement potentials. A typical gate layout
is displayed in the SEM-picture of Fig. 1a. A constant
dc current is impressed between the source (S) and drain
(D) contacts, while four more ohmic contacts A1, A2 and
B1, B2 are used as voltage probes. The Hall-resistance
RH is obtained measuring the voltage drop between con-
tacts A1 and B1 or A2 and B2, while the longitudinal
resistance RL is measured with A1 and A2 or B1 and B2.
For simplicity we will not specify which of these combi-
nations of contacts are used in the following, given that
our measurements are roughly independent of it. In or-
der to create a laterally asymmetric confinement poten-
tial we apply different gate voltages VL and VR along the
two sides of the Hall-bar, while the three gates on each
side are always on equal potential. In all measurements
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FIG. 1: (Color online) a) Scanning electron microscope pho-
tograph of a typical sample. Top gates are colored in light
gray. The voltage VL (VR) is applied to the three lhs (rhs)
gates. A constant current ISD is impressed at the source (S)
contact and flows into the grounded drain (D) contact. The
other ohmic contacts A1, A2, B1 and B2 are used as volt-
age probes. A magnetic field perpendicular to the 2DES is
directed upward and defines a left-handed chirality for elec-
trons moving along the 2DES (dashed arrows). b) Qualitative
sketch of the energy of the relevant Landau-level (thin dashed
line), which is pinned to the chemical potential (Fermi-energy)
at the edges. Here ISD = 0 and VL < VR < Vdepl < 0, where
at Vdepl the 2DES beneath a gate is completely depleted; µS
and µD are the chemical potentials defined at the source ver-
sus drain contacts. Also shown is the electro-chemical poten-
tial µ∗(x) (fat dashed line) across the Hall-bar. The shaded
areas mark the width of incompressible regions. c,d) Same as
b) but for the non-equilibrium case ISD > 0 or ISD < 0.
shown here B is perpendicular to the 2DES and points
upwards, thus defining left-handed chirality, as sketched
in Fig. 1a for the linear response case (dashed arrows in-
dicate the direction that electrons move in equilibrium).
ISD > 0 corresponds to VS > 0 while the drain contact
is always grounded VD = 0 (for the measurements shown
in this letter). Figs. 1b, 1c and 1d sketch the energy of
the relevant Landau-level (thin dashed line) for ISD = 0
(Fig. 1a), ISD > 0 (Fig. 1b) and ISD < 0 (Fig. 1c) as pre-
dicted by the screening theory for the Hall-plateaus [15].
The relevant Landau-level is the one, which is pinned
to the chemical potentials at the edges of the Hall-bar.
Also shown is the electro-chemical potential µ∗(x) (fat
dashed line) across the Hall-bar, which includes the ef-
fect of a non-zero current, i. e. the non-equilibrium case.
The shaded areas mark the width of incompressible re-
gions and will be discussed below.
We have performed measurements on five different
samples with Hall-bar width of 3µm or 10µm and mobil-
ities of µ ' 1.4 × 106 cm2 /Vs, µ ' 3 × 106 cm2 /Vs, and
µ ' 8 × 106 cm2 /Vs on the wafers I, II, and III, respec-
tively. Here, we only present data measured on wafers I
and III at a temperature of T ' 1.7 K. However, all our
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FIG. 2: (Color online) Hall-resistance of a Hall-bar with a
width of d = 10µm defined in wafer I (µ ' 1.4×106 cm2 /Vs).
An asymmetric confinement potential is created with VL =
−1.2 V and VR = −0.3 V causing a hard lhs edge and a soft
rhs edge of the Hall-bar. The main plot shows RH for ISD =
∓2µV (lhs y-axis) and ISD = ∓5µV (rhs y-axis). The inset
displays detailed views of the section including filling factors
ν = 6 and ν = 4 of the same data and, in addition, for
ISD = ∓10µA. For clarity the curves for |ISD| > 2µA in the
inset are vertically shifted.
data taken so far confirm the results discussed below.
Fig. 2 displays the measured Hall-resistance RH of a
Hall-bar realized in wafer I (d = 10µm, µ ' 1.4 ×
106 cm2 /Vs) as a function of the perpendicular magnetic
field 0 < B < 3.5 T. The gate voltages are VL = −1.2 V
and VR = −0.3 V. They create a harder confinement po-
tential on the left hand side (lhs) of the Hall-bar com-
pared to the relative soft rhs edge (see Fig. 1b). Note,
that Vdepl = −0.3 V just allows complete depletion of the
2DES beneath any of the biased gates. The Hall-curves
displayed in Fig. 2 are measured at ISD = ∓2µA (lhs y-
axis) and ISD = ∓5µA (rhs y-axis). Part of the curves,
namely in the region of filling factors ν ' 6 and ν ' 4 are
shown again in the inset of Fig. 2, where we also added
data for ISD = ∓10µA (curves for ISD = ∓5µA and
ISD = ∓10µA are vertically shifted). For ISD = ∓2µA
the Hall-plateaus are well established, while they are
pretty much smeared out for ISD = ∓10µA, indepen-
dent of the current direction. This observation can be at-
tributed to the well known break-down of the Hall-effect,
usually explained (within the edge channnel models) by
scattering between (many) edge channels [17]. Interest-
ingly, for the intermediate current value of ISD = ∓5µA
the break-down is more pronounced for one of the two
current directions, namely ISD < 0.
Exactly this behavior is predicted by the screening the-
ory [15]; within this calculation scheme the current in-
3duced break-down of the Hall-effect is caused by inelastic
scattering between compressible regions (Joule heating)
[18]. Essentially the width of the incompressible strips
decreases as the current is increased. However, as long
as there exists at least one incompressible strip across the
Hall-bar, dissipation less current is possible resulting in
the plateau-value of RH. In agreement with the screen-
ing theory we assume two incompressible strips, just one
on each edge of the Hall-bar [13]. On the one hand,
the asymmetric confinement causes the incompressible
strip on the softer edge to be wider than the one on the
harder edge (for Fig. 2 the lhs edge), as sketched in Fig.
1b. On the other hand, a large current generally results
in a widening (narrowing) of the incompressible strip at
the edge of the higher (lower) electrochemical potential
(Figs. 1c and 1d) [15]. For the higher electrochemical po-
tential on the softer edge (Fig. 1c), the result is therefore
a very narrow incompressible strip on the hard edge and
a very wide incompressible strip on the soft edge. The
direct consequence is a more stable incompressible strip
(on the soft edge) and a wider Hall-plateau at the onset
of the break-down regime. For the data shown in Fig. 2
this situation is reached for ISD > 0. For the opposite
current direction ISD < 0 the two effects (namely cur-
rent versus asymmetry induced widening or narrowing
of incompressible strips) cancel out and, accordingly, the
break-down is already observed for lower absolute values
of the current (Fig. 1d).
Within this scenario it is possible to compensate a re-
versal of the lateral asymmetry of the confinement poten-
tial by reversing the direction of the impressed current.
This prediction [15] is experimentally tested in Fig. 3,
where we plot RH (B) taken at ISD = ∓6µm on the
same wafer as above. Between the two sets of curves
the asymmetry of the confinement potential is reversed
by exchanging the soft and hard edges of the Hall-bar
(while the magnetic field direction is unchanged). For
the harder edge on the lhs of the Hall-bar (lhs axis, two
curves on top) the Hall-effect is more stable for ISD > 0,
as already observed in Fig. 2. In contrast, if the lhs edge
is the softer one, the Hall effect is more stable for ISD < 0.
As expected the general behavior stays unchanged, when-
ever we inverse both, the direction of the current and the
direction of the lateral confinement potential. However,
a reversal of only one of the two quantities near the onset
of the break-down of the IQHE causes a drastic change
in the width of the Hall-plateaus. We interpret this be-
havior as a rectification of the IQHE.
Fig. 4 plots an example of the same behavior, but
observed on wafer III with a much higher mobility of
µ ' 8 × 106 cm2 /Vs and a Hall-bar width of d = 3µm
measured at ISD = ∓1µA. Here we apply VL = −0.4 V
and VR = −1.5 V defining the harder edge on the rhs of
the Hall-bar. Note, that the smaller absolute value of the
break-down current observed in the high mobility sample
might be explained by a smaller width of this Hall-bar.
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FIG. 3: (Color online) Hall-resistance of the same Hall-
bar as for Fig. 2 (d = 10µm, µ ' 1.4 × 106 cm2 /Vs) for
ISD = ∓6µm. In addition to the current direction the lateral
asymmetry is modified exchanging the soft and hard edges.
These data where measured after illumination of the sample
at T = 1.7 K, causing a higher charge carrier density but no
qualitative change on the investigated effects.
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FIG. 4: (Color online) Hall-resistance RH of an asymmetric
Hall-bar with a width of d = 3µm on wafer III (µ ' 8 ×
106 cm2 /Vs) for ISD = ∓1µm. In addition shown are the
corresponding longitudinal resistances RL (rhs y-axis).
As expected the break-down of the Hall-effect is more
pronounced for positive current, causing a higher chem-
ical potential at the lhs edge of the Hall-bar. In Fig. 4
we additionally display the longitudinal resistance (rhs
y-axis). It shows a break-down behavior in accordance
to the RH (B) data.
We observe the same behavior in a wide range of mo-
bilities, charge carrier densities, Hall-bar widths and con-
4tact combinations. While here we show only a small se-
lection of our data, we have performed many control mea-
surements always leading to the same systematic result,
namely rectification of the IQHE in a Hall-bar with an
asymmetric lateral confinement potential as a function
of the direction of the impressed current (at the onset of
the break-down of the IQHE).
In the following we discuss our results in light of con-
ventional theories versus the screening theory of the
IQHE. Both, the original bulk and edge theories fail
to describe the experimentally observed smooth transi-
tion regions between the plateaus of the Hall-resistance
(and the corresponding finite longitudinal resistance) in
a self contained way. Instead the transition between
Hall-plateaus is phenomenologically explained by assum-
ing broadening of the Landau-levels and correspond-
ing narrowing of the Hall-plateaus. Hence, one would
expect a narrowing of the Hall-plateaus as the mobil-
ity is decreased (and the disorder is increased). How-
ever, in experiments the opposite behavior is observed,
namely the plateaus become wider as the mobility is
decreased. To heal this discrepancy it is then –again
phenomenologically– assumed, that disorder induced lo-
calization causes an insulating bulk state. The edge the-
ories take, in addition, the confinement potential into
account, as the edge states are a direct result of the
Landau-levels cutting the Fermi-energy at the edges of
the Hall-bar. However, no detailed assumptions are made
regarding the shape of the confinement potential.
In our experiments, we observe the effect of an im-
pressed current on the Hall-resistance (altering the tran-
sition regions between the plateaus) as a function of the
lateral shape of the confinement potential. In this regime,
we cannot expect the conventional theories to explain
our findings. Moreover, calculations within these con-
ventional models are done in the linear response regime,
while here we use large currents clearly putting us out of
the linear response regime.
The screening theory is based on numerical calcula-
tions of the exact shape of the confinement potential
by taking the direct Coulomb-interaction between charge
carriers as well as their quantum mechanical properties
into account [13, 15]. In contrast to the conventional the-
ories, the screening theory allows self-consistent numer-
ical calculations even in the non-linear response regime,
which results in predictions at the onset of the break-
down regime of the IQHE. The observed rectification of
the IQHE at the onset of its break-down go beyond the
scope of conventional theories. Our results qualitatively
confirm the predictions of the screening theory.
It should be noted that the present form of the screen-
ing theory does not account for the local temperature
(and local heating effects) in a self-consistent way. How-
ever, a reasonable prescription for such a calculation is
already given in the literature [18]. In this calculation
scheme a large impressed current melts (narrows) the in-
compressible strips, finally leading to the experimentally
observed breakdown. While the screening theory predicts
the width and location of incompressible strips omitting
local heating effects, the additional assumption of local
heating as treated in reference [18] results in a qualitative
agreement with our experiments.
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